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lein or polypeptide and coHoida] particles. The panicles comprise approximately 1-20 mole percent of an amphipathic lipid deriva- 
tized with a biocompatible hydrophilic polymer. The protein or polypeptide is selected from the group consisting of (a) proteins 
^ or polypeptides capable of externally binding said colloidal particles; (b) proteins or polypeptides capable of binding polymers of 
^ the polyalkylethcr. polylactic and poIygiycoHc acid fatnilies; and (c) proteins or polypeptides that Include a consensus sequence of 
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or polypeptide is not Factor VIE (FVIE) and is not encapsulated In the^lloidal paiticles. 



I 



wo 2(104/091723 





PCT/IL2004/000327 



107553357 



JCkORec^dPCWrO 140CT2(1{BJ 



PHAI5MACEUTICAL COMPOSITION COBIPRISING 
PMOTEiKS AMD/OR POILYPEPTIBES AHP COLLOI© AL 



PARHCXES 



FffiLD OF TME INVENTION 

The present invention relates to a pharmaceutical formulation for the 
increased half-life, efficacy and stability of various proteins and polypeptides. 

BACKGROUND OF THE INVENTION 



' hemophilia is a shortage of Factor Vin (F VHI) in the blood. This problem can be 
treated with Factor VIH concentrates. However, in about 15% of the patients the 
10 occurrence results of Factor VEH neutraliziag antibodies, so-called inhibitors, 
whCTeby a therapy with Factor Vm concentrates is hardly possible. 

Two basic approaches have been described in the literature to protect FVm 
from inactivation by inhibitors. 



15 for oral administration comprising FVHI incoiporated withki liposomes of 0.5-LO 
microns formed from phospholipids. The phospholipids have a net charge, and the 
FVni is incorporated between the layers of the liposome. It is claimed that FVIII 
levels in the plasma remained above about 5% of the normal value for a period of 
50 hours. 

20 US 4,348,384 to Horikoshi states that a composition as described in Hemker 

was prepared, but did not give satisfectory results. Therefore, Horikoshi 
incorporates a protease inhibitor into tiie liposome together with FVm, in order to 



5 



Hemophilia A is one of the most frequently occurring inherited coagulation 
disorders. Patients with hemophilia A are prone to frequent hemorrhages as a result 
of one or more misfiinctions of the coagulation system. One of the causes of 



WO/80/01456 to Hemker discloses a pharmaceutical composition suitable 
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protect it from proteolysis. 3% of the nonnal plasma levels of FYEH were obtained 

' ' * * 

over a period of 6 hours. 

US 5,013,556 to Woodle discloses a liposome composition for use in 
delivering various drugs via the bloodstream. The liposome contains between 1-20 
5 mole percent of ati amphipatibdc lipid derivatized with a potyalkylether. Here also, 
. the drug compound is entrapped within tiie hposome. These liposome compositions 
are available commercially under the name of Stealth® vesicles (SUV's, small 
imilamellar vesicles comprised of phospholipid and polyethylene glycol (PEG) 
covalentl}^ bound to phospholipid). 
10 A further problem with this approach is that liposomes having a large 

diameter have ai short half-life. Therefore, the liposomes must be downsized under 
pressure, which can affect protein activities as in coagulation fectors V and 

vm. 

In a second approach, Barrowcliffe, XW,, et al (1983) J. Lab. Clin. Med. 

15 ' 101:34-43 teaches that mixing FVIU witih phospholipid extracted from human 
and'or animal brain imparts significant protection to the FVHI in vitro. In tiiis 
approach, the phospholipid is bound to the FVHl rather than encapsulating it 
Kemball-Cook, G and Barrowcliffe, T.W. (1992) Thronib. Res. 67:57-71, teaches 
that a negatively-rcharged phospholipid surfece is necessary for FVIU binding. 

20 Negatively charged phosphatidyl serine and phophatidic acid were found to be 
highly active in binding to FVin, wliile phosphatidyl choline was inactive. 
However, negatively-chaiged phospholipids are toxic, and those derived from brain 
tissue may carry pathogenic agents. 

EP 689,428 discloses a liposome composition comprising liposomes having 

25 an outer surface layer of hydrophilic poljoner chains. A polypeptide or 
potysaccharide effector molecule is covalently attached to the distal ends of the 
polymer chains by activation of the lipid anchor prior to effector coupling. 
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SUMMARY OF TBE INVENTION 

It is an object of the present invention to provide a pharmaceutical 
composition comprising a protein or polypeptide for thaapeutic treatment 

It is a further object of the invention to provide a protein or polypeptide in a 
5 form having an extended half-life in the bloodstream. 

It is a still furfher object of the itivention to provide a method for treating 
patients suffering from blood coagulation disorders, particularly hemopliilia, 

In one aspect of the invention, there is provided a pharmaceutical 
composition for parenteral administration comprising a therapeutically effective 
10 amount of a protein or polypeptide and colloidal particles, said particles comprising 
approximately 1-20 mole percent of an amphipathic lipid derivatized with a 
biocompatible hydrophilic polymer, wherein said protein or polypeptide is selected 
from the group consisting of: (a) proteins or polypeptides capable of externally 
binding said colloidal particles; (b) proteins or polypeptides capable of binding 
15 * polymers of the polyalkylether, polylactic and polyglycolic acid families; and (c) 
proteins or polypeptides that include a consensus sequence of S/T-X-L/IA^-W/Q/S- 
S/T-X-X-E, where X may be any amino acid, and S, T, L, I, V, E and Q have their 
standard meanings. The protein or polypeptide is not encapsulated in said coUoidal 
particles. 

20 In a preferred embodiment, the colloidal particles are substantially neutral 

and the polymer carries substantially no net charge. In liie present specification, the 
terms ''substmttially neiOral*' and '^substantially no net charge^' mean neither 
positively nor negatively charged. However, a very low measured charge within 
experimental error of zero is included within the meaning of tihe above tenns. 

25 The present invention is based on the surprising and unexpected finding that 

liposomes containing amphipathic lipids derivatized with a bio-compatible 
hydrophilic polymer can be used to bind proteins or polypeptides, enhance their 
pharmacoldnetic parameters (half-life and area under Ihe curve) and protect them 
from inhibitors in tiie bloodstream. This provides a significant advantage over the 

30 prior art compositions, since the amphipathic lipids used are sjoithetic and non- 
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toxic, and can therefore be used in vivo for therapeutic treatment. Furtheraiore, the 
liposome does not encapsulate the proteins or polypeptides so that smaller sized 
liposomes can be used which have a longer half-life in vrvo, since, they are not 
removed by the reticuloendothelial system (RES) and tiie activity of the formulated 
proteins or polypeptides is not impaired (fbll activity found in vitro and 
immediately after injection in vivo). As^ will be described below in greater detail, 
the proteins or polypeptides interact non-covalently with the polymer chains on the 
external surfece of the liposomes, and no chemical reaction is carried out to activate 
the polymar chains, unlike the composition disclosed in EP 689,428. 

The term ^'proteins or polypeptides capable of externally binding said 
colloidal particles" includes proteins such as coagulation fector Vila (FVIIa), 
factor V (FV), fector IX (FIX) and fector X (F5Q» Granulocyte colony-stimulating 
fector (G-CSF), Granulocyte macrophage colony-stimulating fector (GM-CSF), 
Interferon y and Glucagon-iife Peptide 1 (GLP-1), Interferon-y and Glucagjon-X/Ae 
' Peptide 1 (GLP-1) and a copolymer (Copaxone, TeVa, Israel) conq)osed of repeats 
of 4 amino adds (L-ala, L-glu, L-lys and L-tyr). Hie identity of these proteins may 
be ascertained empirically as is known by the skilled man of the art 

The pharmaceutical composition of the invention may be used to treat 
various diseases, as is known to the sldlled man of the art. For exaniple, a 
composition comprising Copaxone may be used to protect central nervous system 
(CNS) cells from glutamate toxicity and to treat injury, or disease ca\ised or 
racacerbated by glutamate toxicity. The composition may also be used to treat 
multiple sclerosis, diabetic neuropathy, senile dementia, Alzheimer's disease, 
Parkinson's Disease, fecial nerve (BeU's) palsy, glaucoma, Huntington's chorea, 
amyotrophic lateral sclerosis, status epilepticus, non-arteritic optic neuropathy, or 
vitamin deficiency', as described in US Patent Application No. 20020037848. 

The tenn ^'^proteins or polypeptides capable of binding pofymers of tlie 
polyalkyle^r, polylactic and pofyglycolic acid families" includes proteins and 
polypeptides which bind to polymers of the polyalkylether, polylactic and 
polyglycolic acid femilies or derivatives thereof by any non-covalent mechanism. 
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such as ionic interactions, hydrqphobic interactions, hydrogen bonds and Van der 
Waals attractions (Axakawa, T. and Umashefi; S.N,.(1985) Biochanistty 24:6756- 
6762; Lee, J.C. and Lee, LJL.Y. (1981) Biol CJiem. 226:625-631). A preferred 
example of such a polymer is polyethylene glycol (PEG). 
5 The term '''tlierapeutically effective amowif is to be imderstood as referring 

to an amount of protein or polypeptide which results in a level of the protein or 
polypeptide in the bloodstream having a desired therapeutic effect Such an amount 
can be experimentally determined by administering compositions comprising 
different amounts of the protein or polypeptide and measuring the level in the blood 

10 at various times after administration. 

The amphipafhic Upid used to prepare the colloidal particles may be 
obtained fi:om either natural or synthetic sources. Most preferred lipids include 
phospholipids such as phosphatidylcholine and phosphatidvlethanolamine. and 
carbamate-linked uncharged lipopolymers such as aminopropanediol distearoyl 

15 (DS) The purpose of the biocompatible hydrophilic polym^ is to sterically stabilize 
the SUVs, thus preventing fusion of the vesicles in vitro, and allowing the vesicles 
to escape adsorption by the RES in vivo. The polymer will preferably have a 
molecular weight of between about 500 to about 5000 daltons, most preferably 
approximately 2000 daltons. 

20 The colloidal particles will preferably have a mean particle diameter of 

between about 0.03 to about 0.4 microns, most preferably about 0.1 microns. This 
is to increase their circulation time in vivo and prevent tiieir adsorption by the RES. 
The amphipathic lipid comprise approximately 0.5 to about 20 mole % of the 
particles, preferably approximately 1-6%, most preferably 3%. 

25 A variety of known coupling reactions may be used for preparing vesicle 

forming lipids derivatized with hydrophihc polymers. For example, a pol3rmer 
(such as PEG) may be derivatized to a lipid such as phosphatidylethanolamine (PE) 
througji a cyanuric chloride group. Alternatively, a capped PEG may be activated 
with a carbonyl diimidazole coupling reag^t, to form an activated imidazole 

30 compound. A carbamate-linked compound may be prepared by reacting the 
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teoniiial hydrQxyl of MPEG (mefhoxyPEG) witibt p-nitrophenyl chloroformate to 
yield a p-mtropheiij^ carbonate. This product is then reacted with l-anuno-2,3- 
propanediol to yield the intermediate carbamate. The hydrox>'l groups of the diol 
are acylated to yield the final product. A similar synthesis, using glycerol in place of 

« 

5 l-amino-2^-propanediol, can be used to produce a carbonate-linked product, as 
described in WO 01/05873. Other reactions are well known and are described, e.g. 
in the aforementioned U.S. 5,013,556, whose contents are incorporated herein by 
reference. 

The composition of the invention may be administered by injection, 

10 preferably iv, sc or im. The prior art compositions were intended for oral use only, 
due to. side effects caused during injection by the liposome composition. The 
composition of the invention, on the other hand, is not toxic by injection, ^parentiy 
due to the small size and lack of toxic phospholipids. Toxicology studies of 
PEGylated liposomes and FVHI in rats have been carried out - no toxicity was 

15 ' found at doses of 500 urdts/kg. Amounts of up' to 0.5gn3/Kg body weight of 
colloidal particles according to the invention have been injected without detectable 
toxic symptoms. Altiiough the free form of the proteins and polypeptides used in 
the invention have a short half-life in the vascular system, administering them in the 
composition of the invention is expected to increase their half-life by at least 1.5 

20 times. The composition of the invention is e^qpected to be effective in "on demand" 
and prophylactic treatment of patients. 

In another aspect of the invention, it has been found that there is a consensus 
sequ^ce of 8 amino acids located within the proteins that binds. the liposomes of . 
the invention but is absent in proteins that do not bind the liposomes. This 

25 consensus sequence is S/T-X-L/IA/^W/Q/S-S/T-X-X-E, where X may be any 
amino acid, and T, L, I, V, £ and Q havetiieir standard meanings. 

In another aspect of the invention, it has been found that injection of 
PEGylated liposomes separately fironi the injection of the protein increases the 
protein half-life and long-term efficacy. 
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In a further aspect of the invention, cholesterol is supplCTiented to the 

* * « 

phannaceutical composition. 

BRIEF UESCMPTIOH OF THE BRAWINGS 

In order to understand the invention and to see how it maj' be carried out in 
practice, a preferred embodiment will now be described, by way of non-lkniting 
example only, with reference to the accompan5dng drawings, in which: 

. " . ■ 

Fig. 1 illustrates a real time interaction of PECjylated liposomes to 
immobilized FVHI. . a, PEGylated liposomes , but not control POPC liposomes 
(PC) and POPCJ)SPE liposomes (PC:PE), bind to immobilized rFVIH. b, 
PEGylated liposomes bind to immobilized rFVm (FVHI) but not to immobilized 
HSA . c, PEGylated lij^somes bind to immobilized rFVni in tiie absence or 
presence (Inhibitois) of a diluted (xlOO) serum of a hemophilia A patient that 
developed anti FVUI antibodies (titer of 20 Bethesda units/ml). Response is 
indicated jn Resonance Units (RU). Response in a-c is corrected for nonspecific 
binding to HSA coated channel, which was less thian 5% Real time interaction of 
PEGylated liposomes to immobilized FVUI coated channels. 

lig. 2. Real time interaction of PEC^lated liposomfis to immobilized FIX. a, 
PEGylated liposomes bind to immobilized FIX but not to iipmobilized HSA . by 
PEGylated liposomes , but not control POPC liposomes , bind to immobilized FIX. 
Response is indicated in Resonance Units (RLD* Response is. conected . for 
nonspecific binding to HSA coated channel, which was less than 5% Real time 
interaction of PEGylated liposomes to immobilized FIX elative to the binding to 
FIX coated channels. 

Fig. 3. Real time interaction of PEGylated Uposomes to immobilized G- 
CSF. a, PEGylated liposomes bind to immobilized G-CSF but not to immobilized 
HSA . by PEGylated liposomes , but not control POPC liposomes , bind to 
immobilized G-CSF. Response is indicated in Resonance Units (RU). Response is 
corrected for nonspecific binding to HSA coated channel, which was less than 5% 
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Real time interaction of PEGylated liposomes to immobilized G-CSF elative to the 
binding to G-CSF coated channels. 

Fig* 4. Real time interaction of PEGylated liposomes to immobilized GM- 
CSR a, PEGylated liposomes bind to immobilized GM-CSF but not to 
5 immobilized HSA . PEGylated liposomes , but not control POPC liposomes , 
bind to immobilized GM-CSF. Response is indicated in Resonance Units (RU)» 
Response is corrected for nonspeci&c bint^g to HSA coated channel^ which was 
less than 5% Real time interaction of PEG54ated liposomes to immobilized GM- 
CSF elative to the binding to G-CSF coated channels. 

10 Kg. 5. Real time interaction of PEGylated liposomes to itnmobilized 

Interferon a, PEGylated liposomes bind to immobilized INF-7 but not to 
immobilized HSA . b, PEGylated liposomes , but not control POPC liposomes , 
bind to immobilized INF-y. Response is indicated in Resonance Units (RU). 
Response is corrected for nonspecific binding to HSA coated channel, which was 

15 ' less than 5% Real time interaction of PEGylated liposomes to immobilized INF-y 
elative to the binding to INF-y coated channels. 

fig. 6. Real time interaction of PEGylated liposomes to immobilized GLP- 
1. flj PEGylated liposomes bind to immobilized GLP-1 but not to immobilized 
HSA . PEGylated liposomes , but not control POPC liposomes , bind to 

20 immobilized GLP-1. Response is indicated in Resonance Units (RU)« Response is 
corrected for nonspecific binding to HSA coated channel, which was less than 5% 
Real time interaction of PEGylated liposomes to immobilized GLP-1 elative to the 
binding to GLP-1 coated channels. 

.Fig. 1. PEGylated liposomes bind to immobilized FIX in the absence or 

25 presence Antibodies) of a diluted (xlO) rabbit polyclonal anti human FIX antibodies 
(Sigma). 

Fig 8- Consensus sequence and FVHI binding sites for PEGylated 
liposomes, Consensus sequence for binding PEGylated liposomes in various 
proteins. Conserved amino acids are depicted in red whereas unconserved amino 
30 adds are depicted in blue. 6, Human FVIH domain structure. Discrete domain 
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structure of human FVIII as deduced from its primacy structure- Liposomie binding 
sites are represented as black squares. Red arrows indicated with T represent 
thrombin activation sites, Binding of PEGylated liposomes or POPC liposomes 
(PC) to a peptide derived from FVIH sequence (1783-1796 amino acids) 
5 immobilized at a CMS sensor chip. Response is indicated in Resonance Units (RU). 

Fig. 9. Real time interaction of PEGylated liposomes to immobilized 
Copaxone, PEGylated liposomes bind to iimnobilized Copaxone but not to 
immobilized HSA. PEG^'lated liposomes, but not control POPC liposomes, bind 
to immobilized Copaxone. Response is indicated in Resonance Units (RU)- 

10 Response is corrected for nonspecific binding to HSA coated chaimel, which was 
less than 5% Real time interaction of PEGylated liposomes to immobilized 
Copaxone elative to the binding to Copaxone coated channels. 

Fig. 10. Survival of hemophilic mice following tail cuts. Kaplan-Meierb 
plots are shown for hemophilic mice injected with FVHI (Kogenate-FS, Bayer) or 

15 ' FVin and PEGylated liposomes (injected one hour'later). T test statistical analysis 
indicates statistically significant diiOferences between the groups (P<0.05). 

!E1g. 11. Real time interaction of PEGylated liposomes composed of 
POPC:DSPE-PEG 2000 (Hpids from Gen2yme Pharmaceuticals, Liestal, 
Switzerland) with 97:3 mole ratio, respectively^ and PEGylated liposomes 

20 composed of POPCDS-c^PEG2000 (lipids from Gen2yme PharmaceuticalSj, 
Liestal, Switzerland) with 97:3 mole ratio, respectively, to immobilized FVHI, 

DETAILED DESCRIPTION OF THE INVENTION 

1. Examples 1-8 

1.1 Material & Methods 
75 Liposome preparation. Liposomes cranposed of palmitoyl-oleoyl 

pliosphatidyl-choline (POPC) and distearoyl phosphatidyl--edianolarQine methyl 
polyefliylene glycol 2000 CDSPE-PEG 2000) (Genzyme Pharmaceuticals, Liesatal, 
Switzerland) (97:3 molar ratio, respectively), POPC and distearoyl phoq)hatidyl- 
ethanolamine (DSPE) (Aventi Polar Lipids, Alabaster AL, USA) (97:3 molar ratio. 
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respectively) were prepared as follows: lipids were dissolved to 10% wA^ in tert- 
buthanol (Reidel-^de Haen, Seelze, Gennany), firozen and the solution was 
lyophilized. The resulting dry lq>id powder was re-suspended to 2-13% (wA^) in a 
50 mM sodium citrate buffer, pH 7.0 to form liposomes. The liposomes were 
5 filtered using LiposoFast™-100 extruder apparatus (Aventin Inc., Ottawa, Canada) 
through polycarbonate filters 1.2 pm, 0^ Mm, 0.1 pm and 0.05 pm in size (Poetics 
Corp., Livermore CA, USA) to form liposomes in the size of 80-110 nm. The 
liposome solution was then passed throu^ a 0.2 |jm cellulose acetate sterilizing 
filter (Sterivex™, Millipore Cpipoi-ation, Bedford MA, USA) and stored, at 2-8 *»C. 

10 

Real time interactions - Surfece Plasmon Resonance analysis. Binding 
studies were performed using a Biacore™ 2000 biosensor iostrument (Biacore AB, 
Uppsala, Swedai). The following proteins were immobilized onto a CM5-sensor 
chip (Biacore AB, Uppsala, Sweden) at 150ORU(~1.5ng/mm^), by the amine 

15 coupling kit as prescribed by the supplier: FVIH ^6genate-FS, Bayer, Beddey CA, 
USA), FIX (Benefix, Genetics Institute, Cambridge MA, USA), G-CSF, GM-CSF, 
IFN-y, Erythropoietin, Human Growth Hormone, Interferon-alpha 2a, Interferon- 
alpha 2b (ProSpec-Tauy TechnoGene Ltd, Nes Ziona, Israel), GLP-1, Insulin 
(Sigma), Copaxone (Teva Pharm, Israel), IgG and HSA (Omrix, Tel-Aviv, Israel). 

20 SPR analysis was assessed in 50mM Ka-citrate buffer (pH 7.0) at 25°C with a flow 
rate of lOpl/min for 4min using either PEGylated-liposomes or control-liposomes 
in a final concentration of 0.2-2 mM Regeneration of the sensor chip surface was 
performed by washing the chip with ImM NaOH for Imin at a flow rate of 
lOpl/min. Analysis of SPR data for association, dissociation and afiBnity constants 

25 was carried out by BIA evaluation software (Biacore AB, Uppsala, Sweden). 

Multiple Alignments - Multiple sequence alignment was carried out using 
MUSCA software (htt p://cbcsrv.watson.ibmcom^ . The following Swiss-Prot data 
base accession nmnbeais were used for the multiple alignments: Human (h) FVHI 
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(POCMSl), hFIX (P00740), hG-CSF (P09919), hGM-CSF (P04141), hlFN-y 
(P01579), andhGLP-1 (P01275). 

IJ2 Results: 

Binding of pioteiiis/peptides to PEGykted liposom 

We analyzed the binding of proteins and peptides to PEGylated liposomes 
by Surfece Plasmon Resonance (SPR) measurement using a Biacore instrument 
(Biacoe, Uppsala, Sweden). We immobilized proteins/peptides on a CM5 sensor 
chip (Biacoe, Uppsala, Sweden),^ tlien injected PEGylated liposomes or control 
liposomes of the same size (80-110 nm) and concentration and measured and 
analyzed the binding of protein/peptide to the flowed intake liposomes. 

PEGylated liposomes composed of POPC and DSPE-PEG2000 biiid to 
FVin (Fig. la). The binding was dependant on the PEG polymer attached to DSPE 
lipid since two types of control liposomes composed of POPC and POPC DSPE did 
' not bind to FVni (Fig. la). In addition, the bindingivas specific to FVm, since the 
PEGylated liposomes did not bind to human serum albumin (HSA) (Fig. lb). 
Binding analysis of a representative curve (Fig. la) using a two-site binding model 
mdicates that the PEGylated liposomes bind to two sites on FVIH with association 
rate constants (Kon) of 3,83x10^ and. 3.37x10^ M-i s-i, dissociation rate constants 
(Kqff) of L72xl0'^ and 6.6x10"^ S"^ and aflRnity constant (Kd) values of 1.96 nM 
and 4.5 nM respectively CTable 1). 

Polyclonal anti human factor VBI antibodies [serum of a patient that 
developed anti FVm antibodies (inhibitors)] compete with the binding of the 
PEGylated liposomes to both sites (Fig. Ic). Control experiment indicates that total 
human immunoglobulin G (IgG) did not compete with the binding of FVm to 
PEGylated liposomes (data not shown). This indicates that the PEGylated 
liposomes specifically bind to the same protein domains as anti human factor Vm 
antibodies. 

SPR measurements were performed with several additional recombinant and 
purified proteins. The following proteins were found bind to PEGylated liposomes: 
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Factor IX (FIX), Granulocyte colony-stimulating factor (G-CSF), Granulocyte 
macrophage colony-stimulating factor (GM-eSF)^ Interferon y and Glucagon-Lz7ce 
Peptide 1 (GLP-1) (Fig 2-6). In additicm^ we found that the following proteins do 
not bind to the PEGylated liposomes: HSA, IgQ Insulin, Interferon a 2a, 
5 Interferon a 2b, Human growth hormone and EryfhropoietixL 

In addition, polyclonal anti human factor DC antibodies (Sigma) compete 
with the binding of the PEGylated liposomes to both sites (Fig. 7)- This indicates 
that the PEGylated liposomes specifically bind to the same protein domains as anti 
human factor IX antibodies. 

10 Amino acid sequ^ce analysis indicate that there is a consensus sequence of 

8 amino acids (S/T-X-iyW-W/Q/S-S/T-X-X-E) located within die proteins that 
binds the PEGylated liposomes (Fig. 8a) but is absent in proteins that do not bind 
the PEGylated liposomes. To test the consensus sequaice and die identified binding 
sites on FVm, we synthesized a peptide derived from amino acids 1783-1796 of 

15 FVin and measured its binding to PEGylated liposomes. The peptide binds to 
PEGylated liposomes, but not to control POPC liposomes, with a Kd of 2.25 nM 
(Fig. 8c) which is similar to the Kd values of FYDI and PEGylated liposomes that 
were previously found (Table 1). 

A summary of Kon Koff and iSa? values of tiie various proteins and peptide is 

20 shown in Table 1. 

However, Copaxone (Teva, Israel), a synthetic random copolymer composed 
of repeats of 4 amino acids (L-ala, L-glu, L-lys and L-lyr) but does not contain the 
consensus sequence, also binds PEGylated liposomes (Fig. 9) 
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Table 1 : £dnetic parameter for the binding of proteins/peptide 

to PEGylated liposomes. 



Protein/peptide 


K, (s ) 




• 


Jr actor VllI (1) 


3.83x10% 


1.72x10 , 


1.96* 10 ^ 


(2) 


3.37x10^ 


6.6x10-^ 


4.5*10-® 


Factor K 


3.33*10" 


0.021 


6.3 *10-' 


G-CSF 


4.04*10' 


0.0137 


3.39*10'* 


GM-CSF 


8.5*10' 


0.0103 


1.21*10-'* 




1.44*10* 


.4.16*10-^ 


2.88*10-'' 


GLP-1 

■ 


1.16*10' 


2.21*10"* 

• 


1.91*10-^ 



5 Assodatioii and dissociatioa of Vanous proteins and a peptide to 

PEGliposomes were assessed, as descaibed in ''material and methods". The 
PEGliposome concentrations tested were 18.355nM for FVHI, FD^ G-CSF, GM- 
CSF, INF-y and 183.55pM for GLP-1. The data obtained for all the proteins were 
analyzed to calculate association rate constants (Ato,), dissociation rate constant 
10 and afiBnity constants (Xt) by BIAeyaluation software. 

2. Examples 9-10 
2.1 Material & Methods 

Formulation of FIX and G-CSF wititi PEGylated liposomes. PEGylated 
15 liposomes were formulated with either FIX (Octanine, Octapharma) or G-CSF 
(ProSpec-Tany TechnoGene Ltd,- Nes Ziona, Israel) by dissolving the protein with 
liposome solution (one ml liposome solution/200 units of FIX and 1ml of liposome 
solutiop/lOpg of G-CSF). The vial was incubated on a SKTl roller mixer rotate at 
33 ipm, amplitude 16 mm (Stuart Scientijac, Redhill, UK) for 10 minutes (G-CSF) 
20 or 60 minutes (FIX), at room temperature (20-25°C). 

Pharmacokinetics of liposome-formulated G-CSF and firee G-CSF in mice. 
Two groups of C57 black mice were subcutaneously (s.c.) iojected with; a) SOfd of 
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G-CSF foimulated with PEGylated liposomes (lOfig/ml). b) 50jj1 of G-CSF 
dissolved in 50mM Na-citrate buffer (lO^ig/nil). Mice were bled from retro-orbital 
sinus into microcentrifuge tubes containing sodium citrate (20 mM final 
concentration) at various times post injection and plasma was separated by 

5 centrifiigation at 2,700 x g foi' 10 minutes at 4 °C. G-CSF concentrations in mouse 
plasma was measured by ELISA (G-CSF DouSet iELISA kit, R&D) according to 
manu&cturer instruction 

Pharmacokinetics of PegLip-FDC and free FIX in hemophilic mice. Three 
groups of C57BL mice were injected IV into the tail vein with 50 \il of: a) 200 

10 units/ml PegLip-FIX. b) un-formulated FIX. c) buJQfer. Ivfice were bled from retro- 
orbital sinus into microcentrifuge tub^ containing sodium citrate (20 mM jSnal 
concentration) at various times post iigection and plasma was separated by 
centrifiigation at 2,700 x g for 10 minutes at 4 °C. FIX activity in moiise plaisma 
was measured by one-stage clotting assay (using Stago reagents and ST4 clotting 

15 machine) according to manufecturer's instruction. Since C57BL mice have 
endogenous FIX activity in their plasma, this endogenous activity (as measured in 
the control mice) was subtracted from the activity measured at each time-point in 
Ihe treated groups. 

20 Pharmacokinetics analysis 

Pharmacokinetic parameters (half life and AUC) were analyzed by computer 
software (RSTRIP, MicroMafh Inc.). 

■ 

StatistiG analysis 
25 Student's t-test 

2,2 Results 

Pharmacokinetics of liposome-foimulated proteins in mice 
Phannacokinetic parameters of free and liposome foraiulated FIX and G- 
30 CSF were measured in mice. The results presented in Tables 2-3 indicate that the 
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half-life and area under tiie curve of the proteins formulated with PEGjdated 
liposomes were higher than that of free proteins. 



Table 2: Pbiarmacokinetic parameters followiiag SC mj^tioa of liposome- 
5 formulated G-CSF OPegLip-G-CSF or free GWpSF into mice 





T=1.75hr 


T=3.75hr 


T=5.75hr 


T=7.75hr 

• 


1^.33hr 


HLObr.) 


AUG 

(pg='h/ml) 


PegUp- 


58150.72 


56023.32 


48901,71 


24318.43 


14006.75 


5.038 


434386.17 


G-CSF 


±6299.95 


±7372.35 


±8991.09 


±6512.68 


±4278.52 


0.896 


±55926.46 








■1^=6111 


P=8hr 


'P=9.581ir 






G-CSF 


6241923 


50556.82 


37141.44 


12705.32 


5735.84 


3.181 


420746.83 




±5212,47 . 


±6928.12 


±6068.82 


±2780.72 


da84.49 


±0.354 


±40361.42 



G-CSF was reconstituted with 50mM Na-citrate buffer pH 7 or formulated 
with PEGylated liposomes and injected (50 jal) sx. into mice (6 mice in a group). 
10 ' Human G-CSF concentration (pg/ml) in the plaana was measured by an Enzyme 
Linked hnmunosorbent Assay (Elisa). Pharmacokinetic parameters were calculated 
for each mouse. Values are means ± standard deviation. Student t-test analysis for 
half-life of PegLip-G-CSF versus G-CSF, PO.002. 

Table 3: Pharmacokinetic parameters followii^ IV injectibn of Factor IX or 
15 PBGylated lipbsome^formulated Factor JX. (PegLip-FIX) into mice. 





T«10min 


T=4.83hr 


T=19,83hr 


HL(hr.) 


AUG 
(pg*li/inl) 


PegLiprFJX 


3.78±0.51 


0.77±0.41 


0.092±0.1 


11.72 


2.02 




T=10iiiin 


T=Sbi 


T=29hr 






FIX 


3.8S±0.39 


0.63±0.31 


0.081±0.078 


10.96 

• 


1.85 



Pharmacokinetic parameters were calculated for each mouse. Values are 
means ± standard deviation. Student t-test analysis for half-life of PegLip-FDC 
20 versus FJX^P<0.15. 
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3. Example 11 

3.1 Phaimacokinetics and biological activity of FVni formulated in-vivo 

with PEGvlated liposomes in hemophilic mice 

5 Phannacokinetics and biological activity of factor VIH, that was formulated 

in-vivo with PEGylated liposomes by iqjection of liposomes 1 hour after the 

♦ 

injection of unformulated fector VIQ, was measured in hemophilic mice, 
Hemophilic mice were injected with: a) free (unformulated) FVHI. b) Free FVUI 
and one hour later a second injection of PEGylated liposomes. The ndce were bled 

10 at various times post-injection FVm activity was measured by a clotting assay. In 
order to test in-vivo efiScacy of liposome-formulated FVUI in stopping bleeding 
and compare it to that of free FVUI tails of the injected mice were cut several times 
post injection and the survival of the injected mice was measured. 

The results presented in Table 4 and Figure 10 indicate that the half-life and 

15 ' area under the curve of factor Vin that was formulated in-vivo with PEGylated 
liposomes were higher than that of free FVUI* Accordingly, the survival of mice 
injected with FVUI and 1 hour later with liposomes were significantly hi^^. 

20 
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Table 4: Factor VIII activity (lU/ml) and pharmacokinetic parameters following 
Injection of FVIII or FVIII and 1 hour later PEGylated liposomes into hemophilic 
mice 



5 



IniGciion 
material 


Tima Pn^l 

1 11 III? 1 w«>& 

injection 


1 lUIIII 

n 


• 




h 


h 


Hair 
Ufe 


Area 
under 
the 
curve 


FVIII and 
liposomes 
(Injected 1 
hour later) 


Average 
(u/m!) 


2.03 


1.35 


0.975 


0.66 


0.61 


14.5 


* 

28.8 


FVIII 


* 

Average 
(u/ml) 


2.17 


1.4 


0.95 


0.46 


0.41 


9.3 

■ 


24,0 



Recombinant Fym (Kogenate-FS, Bayer) was reconstituted with water 
injected (40 |jJ) into Ihe tail vein of hemophilic mice (10 mice in each group). One 
our later, PEGylated liposomes (9% lipids, wA^) were injected i.v. (40 |j1) into one 
10 group of mice. FVm activity was measured on pool plasma sample of each time- 
point by a one-stage clotting assay. Pharmacokinetic parameters (half life and AUG) 
were analyzed by a computer program (RSTRIP, MicroMatti Inc.). 
4. Example 12 

The binding of FVIH to liposonaes conq)osed of POPC and carbamate- 

15 linked uncharged lipopolymer was compared to the binding of FVni to liposomes 

composed of POPC and DSPE-PEG by real time interaction analysis. The 

scheoiatic structure of carbamate-linked uncharged lipopolymen mPEG 

anpinopropanediol disrearoyl (DS-c-PEG) and 1,2 distearoyl-jn-glycero-S- 

phosphaddylethanolamine-N-methojy polyethylene glycol (DSPE-PEG) aire shown 
20 below. 
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10 



mPEG 



ibPEG 



o 

1 



. ^Ci7Ha«i DS-c-PEG 




DSPE-PEG 



^17^35 



15 ' The results are presented in Fig. 11 and show that botii types of liposomes 
interacts with FVm. 



5. Example 13 

Coagulation fector Vila is generally used to treat hemophilia patients with 
20 inhibitors and to stop trauma bleeding (e.g. war injuries, car accidents). 
Pharmacokinetics Of fector Wa, formulated with PEGylated Hposomes, was 
• measured in rats. Sprague Dawley (SD) rats (180 g) rats were injected with 
36^g/tat of free (unformulated) FVIIa (Nova Nordisk) or FVIIa formulated with 
PEGylated liposomes. The rats were bled at various times post-mjection and FWa 
25 activity was measured by a clotting assay (Stago). The results piesmted in Tables 5 
and 6 indicate that the half-life and area under the curve of fector YUa that was 
X- ^^*^A 4« ^TTi'+i, vnrwia+fyA imnfiomeR were hi^er than that of free FVUa. 
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Table 5: Factor Vila activity (lU/ml) and pharmacokinetics following injection 

of FVIIa or FVIIa formulated with pegylated liposomes into rats 



15 





Time 


T=iOm 


T=3 


T=7 


T=24 




Half 




d 


post- 


in 


hrs 

m mm 


III w 


hrs 

111 <M 


IIIO 


Lifp 




materi 


inject! 












/HI ^ 




al 


on 










■ 


(h) 


curve 










• 








(AUG) 


PEGU 


Avera 


573 


38 


7 


1.6 


0.5 


3.08 


2013 


P- 


ge 


=b 


± 




± 


± 






rFVIIa 


(U/ml) 


255 


8 


1 


1 


0.2 






(n=4) 


±S0 
















rFVIIa 


Avera 


706 


45 ' 


4.6 


0.1 


0 


186 


1411 


(n=4) 


ge 


± 


± 


± 


± 










(U/ml) 


45 


3 


1 


0.1 










±SD 

















Table 6: Factor Vila activity (lU/ml) and pharmacokinetics following injection 
25 of FVIIa or FVIIa formulated virith pegylated liposomes into rats 

(pooled samples) 



30 


Injected 
material 


T-IOmi 
n 


T~3 
hrs 


T-7 
hrs 


T~23 
hrs 


T~3i 
hrs 


Half 
Ufe 
(HL) (h) 


Area 
under the 
curve 
(AUC) 


35 


PEGLIp- 


287 


22.6 


8.7 


1.6 


1.2 


3.84 


1019 


rFVlla 


















(n=3) 
















40 


rFVIIa 
(n=3) 


319 


27 


5 


0 


0 


1.15 


513 
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CXABIS: 

1. A phannaceutical composition for parenteral administration comprising 
a therapeutically effective amount of a protein or polypeptide and colloidal 
particles, said particles cornprising approximately 1-20 mole percent of an 
5 amphipathic lipid derivatized witii a biocompatible hydrophilic polymer, 

wherein said protein or polypeptidis is selected from the group consisting of: 

(a) proteins or polypeptides capable of externally binding said colloidal 
particles; 

(b) proteins of polypeptides capable of binding polymers of the 
10 polyalkylether, polylactic aoad polyglycolic acid femilies; and 

(c) proteins or polypeptides that include a consensus sequence of S/T-X- 
L/W-W/Q/S-S/T-X-X-E, where X may be any amino acid, and S, T, 
L, I, V, E and Q have tbeir standard meanings; 

wherein said protein or polypeptide is not Faptor Vm (FVIDC), 
15 and wheiein said protein or polypeptide is not encapsulated in said colloidal 

particles. 

2. The pharmaceutical composition of Claim 1 wherein the colloidal particles 
are substantially neutral and tbe polymer carries substantially no net charge. 

3. The pharmaceutical composition of Claim 1 wherein the colloidal particle 
20 has a mean particle diameter of between about 0.03 to about 0.4 microns. 

4. The pharmaceutical composition of Claim 3 wherem the colloidal particle 
has a mean particle diameter of approximately 0.1 microns. 

5. The pharmaceutical composition of any of Claims 1-4 wherem said 
amphipathic lipid is a phospholipid from natural or synthetic sources. 

25 6. The pharmaceutical composition of Claim 5 wherein said amphipatibic lipid 
. is phosphatidylethanolamine (PE). 
7. The pharmaceutical composition of any of Claims 1-4 wherem said 
amphipathic lipid is a carbamate-linked uncharged lipopolymer. 
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8. The pharmaceutical composition of Claim 7 wherein said amphipathic Upid 
is aminopropanediol distearoyl (DS) 

9. The phaimaceutical composition of Claim 1 wherein said colloidal particles 
furflier comprise a second amphipathic lipid obtained from either natural or 

5 . synthetic sources. 

10. The pharmaceutical composition of Claim 9 wherein said second 
amphipathic lipid is phosphatidylcholine. 

11. The pharmaceutical composition of Claim 9 wherein cholesterol is 
supplemented to the composition. 

10 12. The pharmaceutical composition of Claim 1 wherein said biocompatible 
hydrophilic polymer is selected from the group .consisting of polyalkylether, 
polylactic and polyglycolic acid families. 

13. The phamiaceutical composition of Claim 12. wherein said biocompatible 
hydrophilic polymer is polyethylene glycoL 
15 , 14. The pharmaceutical composition of Claim 13 .wherein the polyethylene 
glycol has a molecular weight of between about 500 to about 5000 daltons. 

15. The pharmaceutical composition of Claim 14wherein the polyethylene 
glycol has a molecular wei^t of approximately 2000 daltons. 

16. The pharrnaceutical composition of Claim 1 wherein the protein or polypeptide 
20 is selected from the group consisting of prothrombin. Factor YUa, Factor X, Factor 

V, Factor IX (FIX), granulocyte colony-stimulating frictor (G-CSF), granulocyte 
macrophage colony-stimulating fector (GM-CSF), interforon glucagon-/ife 
peptide 1 (GLP-1) and Copaxone. 

17. The pharmaceutical composition of Claim 16 w^herein the polypeptide is 
25 Copaxone and the composition is used for the treatment of a disease selected from 

multiple sclerosis, diabetic neuropathy, senile dementia, Alzheimer's disease, 
Parkinson's Disease, facial nerve (Bell's) palsy, glaucoma, Huntington's chorea, 
amyotrophic lateral sclerosis, status epilepticus, non-arteritic optic neuropathy^ and 
vitamin deficiency. 
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18. Hie phannaceutical composition of Claim 16 wherein the pol^'peptide is 
Factor Vila and the composition is used hemophilia patients with inhibitors and for 
the treatment of trauma bleeding. 

19. The pharmaceutical composition of Claun 1 wherein flie protein or polypeptide 
comprises an amino acid consensus sequence of S/T-X-L/tA^-IA^/Q/S-S/T-X-X-E, 
wherein X is any amino acid. 

20. Method of treatment of a patient suffering from hemophilia comprising 
adniinistrating to said patient a pharmaceutical composition for parenteral 
administration comprising a therapeutically effective amoimt of a protein or 
polypeptide effective in the treatment of hemophilia and colloidal particles, said 
particles comprising approximately 1-20 mole perceat of an amphipathic lipid 
derivatized with a biocompatible hydrophihc polymer, 

wherein said protein or polypeptide is selected from the group consisting of. 

(a) proteins or polypeptides capable of externally binding said colloidal 
particles; and • 

(b) proteins of polypeptides capable of binding polymers of the 
polyalkylether, polylactic and polyglycoUc acid feroiHes; and 

(c) proteins or polypeptides tiiat include a consensus sequence of S/T-X- 
L/W-W/Q/S-S/F-X-X-E, where X may be any amino acid, and S, T, 
L, I, V, E and Q have their standard meanings; 

wherein said protein or polypeptide is not Factor VDI (FVIII), 
and wherein said said protein or polypeptide is not encapsulated iii said 
coUoidaljparticles. 

21. A method according to Claim 20 wherein said patient has developed 
inhibitor antibodies to^aid protem or polypeptide. 

22. Use of a colloidal particle in the preparation of a pharmaceutical 
composition for parenteral administration for treatment of a patient suffering 
from hemophilia comprising a therapeutically effective amount of a protein 
or polypeptide and colloidal particles, said particles comprising 
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approximately 1-20 mole percent of an amphipafliic lipid derivatized with a 
biocompatible hydrophilic polymer, 

wherein said protein or polypeptide is selected from the group 

consisting of: 

5 (a) proteins or polj'peptides capable of extetmlly binding said colloidal 

particles; and 

(b) proteins of polypeptides capable of binding polymers of the 
polyalkylether, polylactic and polyglycolic acid families; and 

(c) proteins or polypeptides that include a cojbsensus sequence of S/T-X- 
10 L/W-W/Q/S-S/T^X-X-E, where X may be any amino acid, and S, T, L, I, 

V3 ^d Q have their standard meanings; 
wherein said protein or polypeptide is not Factor VUI (Fyni), 
and wherein said said protein or polypeptide is not encapsulated in said 
colloidal particles, 

15 23, A use according to Claim 22 wherein said patient has developed inhibitor 

antibodies to said protein or polypeptide. 

24. Use of a coUoidal particle in the preparation of a pharmaceutical 

composition for parenteral administration comprising a therapeutically 

effective amount of a protein or polypeptide and colloidal particles, said 

20 particles comprising approximately 1-20 mole percent of an amphipafhic 

lipid derivatized with a biocompatible hydrophilic poljoner, 

wherein said protein or polypeptide is selected from the group consisting of: 

(a) proteins or polypeptides capable of externally binding said 

colloidal particles; and 

25 (b) proteins of polypeptides capable of binding polymers of the 

* 

polyalkylefher, polylactic and polyglycolic add femilies; and 

(c) proteins or polypeptides that include a consensus sequence of 
S/T-X-ITW-W/Q/S-S/T-X'-X-E, where X may be any amino acid, and 
S, X L> I, V, E and Q have their standard meanings; 
30 wherein said protein or polypeptide is not Factor VUI (FVIII), 
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and wherein said protein or polypeptide is not encapsulated in said colloidal 
particles. 

25. Method of treatment of a patient suffering from a disease comprising 
administrating to said patient a pharmaceutical composition for parenteral 

5 administration comprising a therapeutically effective amount of a protein or 
polypeptide effective in the treatnient of the disease and colloidal particles^ said 
particles comprising approximately 1-20 mole percent of an amphipathic lipid 
derivatized with a biocompatible hydrophilic polym^, 

wherein said proteia or polypeptide is selected from the gi'oup consisting of: 
10 (a) proteins or polypeptides capable of externally binding said colloidal 

particles; and 

(b) proteins of polypeptides capable of binding polymers of the 

polyalkylether, polylactic and polyglycolic acid families; and 

(c) proteins or polypeptides lhat include a consensus sequence of S/T-X- 
15 . L/LV-W/Q/S-S/T-X-X-E, where X may be any amino acid, and S, T, 

L, I9 V, £ and Q have their standard meanings; 
wherein said colloidal particles and said protein or polypeptide are 
administered separately, 

and wherein said said protein or polypeptide is not encapsulated in said 
20 colloidal particles. 

26. . The method of claim 25 wherein said protein or polypeptide is not Factor 

vincFVin). 

27. The method of claim 25 wherein said colloidal particle is a Kposome and 
said protein or polypeptide is Factor YHI (FVIII), 
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